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TOM TAT—Phép do twong i giit vai trd chinh trong hé fir van loc cdng tac. Hé s6 twong quan Pearson, dg tiwong t Cosine vd chi
$6 Jacard \& nhitng phép do twong tufpho bién dwoc ding dé tinh sw twong dong giita hai nguoi sir dung. Nhitng phép do nay deu co
dac dzem asi xu'ng trong khi thuc te, su anh hudng qua lai gitka hai nguot si dung thwang khéng doi ximg. Bai bao de xudt mot
cdch tiép cdn méi trong phuong phap loc cong tac dé tinh sy twong e cho timg cap nguoi sur dung thong qua phep do gdn két ham b
théng ké Cohesion, dong thoi tdp trung vao viéc danh gid mé hinh hé tw van ding phép do duwoe dé xudt voi cde mé hinh hé tw vin
dung nhitng phép do twong ty Cosine, Pearson, va Jaccard trén tdp liéu 0 — 1. MSWeb duwoc chon lam tdp dir lidu thuc ‘nghiém va
k-fold cross validation duoc sir dung lam phuong phdp phdn tach dit liéu. Két qua thuc nghiém cho thdy mé hinh hé tw van lpc céng
tae dya trén nguoi sir dung dimg phép do Cohesion 6 1eu thé hon so véi cae mé hinh hé tw vin dimg cdc phép do con lai.

Tir khbéa— Loc cong tdic da trén nguoi sir dung, phép do gdn két ham y thong ké, hé tir van.
I. GIOI THIEU

Hé tu van 1a k¥ thut va cong cu phin mém dé xuét nhitng muc dit liéu ma ngudi sir dung c6 thé mudn [8].
Hién nay, h¢ tu van duge st dung rong rai trong nhiéu dich vu, chéng han nhu eBay hay Amazon. Vi mét tap nguoi
sir dung (user), mot tap cac muc dit lidu (item), va cac danh gia (rating) tuong minh hay khong twdng minh nhim thé
hién muc d6 nguoi sit dung thich hay khong thich mét muc dir liéu ma ngudi d6 da xem (hodc nghe hoac mua, v.v.), hé
tu van du doan mirc danh gia cho mdt muc chua dugc xem bdi nguoi st dung, hoac cung cz‘ip mot danh sach ca&c muc
ma nguoi s dung co thé thich. Cac phwong phap tu van dugc phan thanh nhitng nhom chinh: tu van dua trén ndi dung,
tu van loc cong tac Va tu van dang hdn hop [2] [8] [9] ma trong d6 loc cong tac [2] [8] [9] [13] 1a phuong phap quan
trong va dugc sir dung pho bién nhat. Mot trong nhiing cach tiép can chinh cua loc cong tac 1a loc cong tac dya trén
ngudi st dung [7]. Cach tiép can nay sir dung truc tiép nhirng danh gia dwoc luu trir trong hé théng; va dé cir mot danh
sach cac myc dir liéu cho mot nguoi st dung hodc dy doan murc danh gia cho mdt muc cu thé dua trén phép do tuong
tur giita nhitng ngudi str dung. Nhu vay, cic phép do twong tw giit vai trd chinh trong cac hé tu van loc cong tac. Hé sb
turong quan Pearson, do twong tu Cosine va chi sé Jacard [2] [6] [8] 1a cac phép do tuong tw phd bién. Tat ca nhing
phép do nay déu c6 dic diém ddi ximg. Diéu ndy c6 nghia la, véi mot cap nguoi st dung, sy anh huong cua mot nguoi
1én ngudi con lai 1a nhu nhau. Tuy nhién, thuc té thi khong nhu vay, su anh hudng qua lai gilra hai ngudi thuong khong
dbi xtmg. Nguoi str dung nay c6 thé danh gi4 cac muc dit liéu kha gidng voi nguoi st dung kia nhung diéu nguoc lai
¢6 thé khong dung.

Phép do gin két (Cohesion) dugc dé xuat dau tién trong phan tich ham ¥ thng ké [19]. Muc dich ctia phép do
Cohesion 14 phat hién ra nhitng luat két hop co chit lwong ham y tot, noi cach khéac 1a phat hién ra cac luat A — B ¢6
mdi quan hé ham y manh (gan két manh) giira A va B. Cohesion 1a mot phép do khong ddi xing, gia tri gan két clia
(A, B) va cua (B, A) la doc lap. Do nhimng dic trung vira néu, phép do Cohesion c¢6 thé van dung vao viéc xac dinh murc
d6 twong tu (gin két) giita hai ngudi st dung trong loc cong tac.

Bai b4o nay dé xuit mot cach tiép can méi dé tinh do tuong tu cho timg cip ngudi sir dung dung trong phuong
phap loc cong tac, ddng thoi tap trung vao viée danh gid cac mo hinh hé tu van ding cac phép do khac nhau.

Bai bao duoc to chirc thanh 5 phan. Phan | gi¢i thiéu chung. Phan Il m6 ta phwong phap tu van loc cong tac dyua
trén nguoi sir dung dung phép do gan két ham ¥ thong ké. Phan 111 tép trung vao danh gia hé tu van loc cong tac dwa
trén ngudi st dung. Phan IV 1a thuc nghiém dé danh gi cac mé hinh hé tu van loc cong tac dung cac phép do Cosine,
Pearson, Jaccard, va Cohesion dé xac dinh sy tuong tu gitra ha nguoi st dung. Phén cudi cung dua ra két luan.

1. TU VAN LQC CONG TAC DUA TREN NGUOI SU DUNG DUNG PHEP PO GAN KET
HAM Y THONG KE

A. M6 hinh h¢ tw vin
M6 hinh hé tr vén gom cac thanh phin: tdp nguoi st dung U = {ul,uz, ., Uy}, tdp cac muc dir liéu
[ = {iy, iy, ..., iy}, va ma tran danh gia R = (rj,) voi ] =1.. m va k = 1..n luu két qua danh gia cuia nguoi sir dung u;

cho mét muc dit liéu iy. Trong ma trén R, Iji €O thé rong néu nguoi st dyng y; chua danh gia muc dit liéu iy. Vle_:c
nguoi st dung khong mudn tiét 10 truc tiép nhirng s¢ thich cta ho thong qua danh gia muyc dir li¢u 1a tinh huéng chung.
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Trong truong hop nhu thé, cac so thich chi c6 thé duoc suy luan bang cach phan tich hanh vi cia ngudi st dung, ching
han nhu: can/khong can (biét/khong biét) mot mat hang, nhap chudt/khong nhap chudt vao mot muc nao do6 cia
website. Cac hanh vi nay s& tao ra cac dit 1iéu 0 — 1.

Véi cac tap dir liéu 0 — 1, ma tran danh gia R dugc biéu dién nhu Bang 1. R = (1) voi rj = {0 hodc 13},
j=1..m va k= 1..n. Gia tri 0 c6 nghia 13 muc dir liéu khong dugc thich (khong dugc can, khong dugc biét) boi
nguoi st dung; va gia tri 1 c6 nghia 1a muc dit liéu dugc thich bdi nguoi st dung.

Bang 1. Ma tran danh gia luu két qua danh gia ciia nguoi st dung cho cac muc dit lidu

i1 iz i3 in
u; 0 1 0 1
U, 1 0 1 0
Um 1 0 0 1

B. Phép do giin két ham y thong ké

Phép do gdn két ham y théng ké Cohesion [19] — mt phép do khong dbi xting — dugc sir dung d€ phat hién cac
lugt A — B c6 moi quan hé ham y manh gitra A va B. Bai bao nay dé xuat viéc sir dung phép do gan két ham y thong ké
vao tu van loc cOng tac dya trén nguoi sir dung.
1. Biéu dién mdi quan hé ham ¥ giita hai nguoi st dung

Pit A c I 1a tap gdm nhitng muc dit lidu duoc danh gid boi ngudi sir dung u,; A 1a tip bu ciia A; B < I 1a tap
gdm nhitng muc dit liéu duge danh gid béi ngudi str dung uy,; B 1 tap bu ctia B; ny = card(A) 1a s6 muc dit liéu duoc
danh gia béi nguoi st dung u, (s6 phan tir cia A); ng = card(B) 1a s6 muc dit liéu dwoc danh gia béi nguoi st dung
uy, (56 phan tir cua B); va nyg = card(A N B) 1a s6 muc dit liéu duge danh gia béi ngudi sit dung u, ma khong (chua)
dugc danh gia boi nguoi sir dung uy, (sO phan vi dy).

Mdi quan hé ham ¥ giita nguoi sir dung u, Vi uy, ndi cach khac 1a mdi quan hé gitra tip muc A duoc thich boi
ngudi s dung u, Véi tdp muc B dugc thich boi ngudi sir dung uy,, dugc biéu dién bsi mot bo gom bon phan tir
{n,ny, ng, N5}

Hinh 1. Cac phan tir biéu dién mdi quan hé ham ¥ giira nguoi st dung u, V6i u, (mdi quan hé A - B)
2. Do su gin két ham ¥ giita hai ngudi s dung
Dé do sy gin két ham y thong ké giita ngudi st dung u, Véi up, phép do gin két Cohesion dugc sir dung. Phép
do nay duoc ky hiéu 1a c(u,, up), va co céng thirc tinh nhu (1).

(1 - (-plog;p— (1 - p)log,(1—p))*)/* néup > 0.5 1)
0 néu nguoc lai

c(ug, up) = {

Trong d6, p = @(u,, up) 12 mat d6 ham y (implicative intensity).

Phép do mat d6 ham ¥ ¢@(u,, u,) dugc sir dung dé do khuynh huéng cac muc dit liéu dwoc danh gia boi nguoi
str dung uy, khi chung dugc danh gia boi nguoi st dung u,. @(u,, uy) duoge tinh theo cong thie (2) véi q(A,B) va A
duoc xac dinh theo cong thiic (3) va (4) tuong ung.
NAB 3s 1 o e
1- ) —e?= f e 2 dt nfung #n
ougu) =1 LsC Tz )
s=0 q(AB)
0 néu nguoec lai

()
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nyg — na(n —ng)
q(A B) = n ?) 5 = a0 —np) (4)

’nA(n — np) n
n

C. Twvin loc cong tic siv dung phép do gin két ham y théng ké

Véi phuong phap loc cong tac dua trén nguoi sir dung, dé dé xuit cac muc dir liéu cho mot ngudi s dung cu
thé u, mot tap nhiing ngudi sir dung khac tuong tu véi u s& duge tham khao. Cac muc dir lidu duoc dé xuét cho u la
nhitng myc ma u ¢ thé thich nhung da khong nhin thay hodc khong biét. Giai thuat xay dung hé tu van loc cong tac
dua trén nguoi sir dung ding phép do gan két ham y théng ké duge dé xuat nhu sau:

Input: ma tran danh gia R bao gdm thong tin danh gia ciia ngudi sir dung u (cac muc dir liéu ma u da danh
gia)

Output: danh sach cac muc duoce dé xuat cho ngudi st dung u.

Céc budce thuc hién:

- Tinh su twong ty giita ngudi st dung u véi tat ca nhitng ngudi st dung khac bang cach st dung
phép do gén két Cohesion.

- Chon ra k ngudi sir dung tuong ty nhit véi nguoi sir dung u (k lang giéng gan nhat).

- Du doan mirc danh gia ciia nguoi sir dung u cho cac muc dir lidu chua duoc danh gia bang cach sir
dung céc d4nh gia ciia k nguoi dung twong ty nhat.

- Dé xuit mot danh sach cac muc dir lidu cho nguoi st dung u dua trén viée sa“ip xép cac danh gia
duoc du doan.

Tai bude 1 cua giai thuat trén, phép do gin két Cohesion dwoc sir dung dé tinh sy twong tu giita hai nguoi st
dung. Bai bao nay hudng tdi vao viée st dung cac tap dir liéu 0 — 1 nén giai thuat tinh gia tri cia phép do gan két gitra
nguoi st dung u, Voi uy, duge dé xuat nhu sau:

Input: thong tin danh gia cia nguoi sir dung u, Va uy,.
Output: gia tri gin két giita nguoi sir dung u, Vi uy,.

Cac budc thuc hién:
- Xac dinh gia tri ciia cac phan tir n,ny, ng, nag bi€u dién cho Moi quan hé ham y gitra nguoi st
dung u, véi uy

n =s6 cdt cha ma trdn R na = Yp=q RluaJ[K];
ng = Y-; R[up][k]; ) nag = Na — Xk=1 RIua][k]R[up][k];
- Tinh mét d¢ ham y ciia moi quan hé gitra nguoi st dung u, Voi uy,
— 1S
A= (na(n —ng))/n; sum = Z::gt—le_k; p=1-sum

- Po sy gin két giita nguoi sir dung u, Véi uy,
if (p<=0.5) return O;
else return (1 — (—plog, p — (1 — p) log, (1 — p))»)*/?

III. PANH GIA HE TU VAN LOC CONG TAC DUA TREN NGUOI SU DUNG
A. Phép do diing dé danh gid hé tw vin

C6 nhiéu cach dé danh gia h¢ tw vén, trong d6 dénh gid offline thuong gitt vai tro chinh [6] [10]. Panh gia
offline sur qlmg teftp dir liéu da duoc thu thap trude, khéng can su twong tic véi nguoi sit dung that nén chi phi cho danh
gia hé tu van la thap.

Céc hé tu van dua trén dit 1idu 0 -1 thuong tap trung vao viéc dé xuat cho ngudi sir dung nhitng muc dit liéu ma
ho ¢6 thé thich hon 13 dy doan sé thich cua nguoi st dung cho mot muc dit lidu cu thé. Cac phép do dung dé danh gia
tinh chinh x4c ctia viéc dé xuét 1a do bao phi (recall) va do chinh xac (precision). Nhiing phép do nay dugc xay dung
dya vao ma trdn nham 1an nhu Bang 2. Céc thanh phan cta ma tran nham 1an 14 (1) - TN: sé muyc dit liéu khong dugc
hé tu van dé xuét va ciing khong dugc nguoi st dung thich; (2) - FP: s6 muc dir liéu dugc hé tu van dé xuit nhung
khong dugc nguoi st dung thich; (3) - FN: s6 muc dir lidu khong dugc hé tu van dé xuét nhung dugc nguoi st dung
thich; (4) - TP: s6 muc dif liéu dwoc hé tu van dé xuit va ciing dugc ngudi sir dung thich.
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Biang 2. Ma trdn nhim lan

Thuc t€ / Du doan Khoéng dugc de xuat Puoc dé xuat
Khéng duogc thich TN FP
Puoc thich FN TP
Cong thirc ctia dé tinh gia tri cua phép do bao phi1 va phép do chinh x4c duoc trinh bay trong (6) va (7) tuong tmg.
o i {Puoc thich} N {Pwoc dé xuit} S6 muc dwoc dé xuit chinh xac TP
P06 chinh xac = % = = ~ o (6)
{Pugc dé xuat} Tong s6 muc dwoc dé xuat TP + FP
. . {Pwoc thich} n {Pwoc dé xuit} SO muc dwoc dé xuit chinh xac TP
Po bao phu = - = = e 7 = )
{Pwoc thich} Tong s6 muc duoc thich TP + FN

Vi nhitng hé tu van duge sir dung dé dé xuat cac muc dir liéu cho ngudi sir dung, dudng cong ROC (receiver
operating characteristic) s& 1a thich hop hon so véi duong cong chinh xac — bao phii khi muén so sanh tinh hiéu qua
clia cac hé tu van [10]. ROC dua trén d6 nhay (sensitivity) va do ddc hiéu (specificity) va dugc vé theo do nhay va
phin bu cia d6 dic hiéu. Do nhay (hay con duoc goi 13 true positive rate - TPR) ¢ cong thic tinh nhu d6 bao phu.
Phan bu cta do dic hiéu (con duogc goi la false positive rate - FPR) dugc tinh theo céng thurc (8).

TN
TN + FP ®)

Dién tich duéi dudng cong ROC cang 16n thi hiéu suit cia giai thuat (hé tu van) cang tot.

FPR = 1 — Specificity =

B. Ddnh gid hé tw vin

Dé danh gia hé tu van, tap dir liéu (ma trdn danh gia) phai dugc phén tach thanh tap dir liéu huin luyén va tap
dit liéu kiém thur. Tap di licu huén luyén dugc st dung dé hoc mé hinh trong khi tap dir liéu kiém thir duoc st dung dé
kiém tra md hinh. Cac phwong phap phan tach tap dir liéu c6 thé la: splitting, bootstrap sampling va k-fold cross
validation [15][21]. Phuong phap splitting thuc hién 1 1an phan tach dir liéu theo ty 1¢ dugc xac dinh boi nguoi su
dung. Phuong phap bootstrap thyuc hién k 1an phén tach dir liéu theo ty 1& dugc xac dinh boi nguoi st dung. Vi
phuong phap bootstrap, mot nguoi sir dung co thé 1a thanh vién cua tap huan luyén ¢ lan phan tich nay nhung la thanh
vién cua tap kiém kiém thir & 1an phan tach khac. Phuong phap k-fold cross validation phan tach tap dit liéu thanh k tap
con ¢6 kich thudc bang nhau va thuc hién k 1an danh gia sau d6 1dy két qua trung binh. O mdi 1an danh gia, (k-1) tap
con duoc st dung dé hoc mé hinh va 1 tdp con con lai dugc st dung dé kiém tra. V&i phuong phap k-fold cross
validation, it nhit mot 1an, ngudi st dung xuét hién trong tap kiém thr.

Tap dir liéu kiém thir sau d6 lai dwoc chia thanh hai phan: tap dit liéu truy van (query set) ding dé du doan cac
rating va tap dir liéu dich (target set) dé danh gia két qua du doan. Viéc phan tach tap dit liu kiém thir chi duoc thuc
hién khi biét s6 muc dir liéu given. Véi timg ngudi sir dung, given muc da duoc rating s& duoc lwa chon ngiu nhién
dé dua cho md hinh hé tu van, cac muc da duoc rating con lai dugc dung dé danh gia (xem vi du 6 Bang 3).

Cach thuc danh gia offline cho mét hé tu vén loc cOng tac dya trén nguoi su dung dugc dé xuit nhu sau:

Input:
- Ma tran danh gia;
- Sb tap con dugc sir dung boi phuong phap phén tach dit liéu k-fold cross validation, sé muc dit liu
given dé tach tap dir liéu kiém thir thanh tap di liéu truy van va tap dit liéu dich;
- Sb lang giéng c6 do tuong ty cao nhat;
- S6 muyc dit liéu can dé xuat cho ngudi sir dung.

Output: ma tran nham 14n, d6 bao phu, d6 chinh xac, d6 déc hiéu, duong cong ROC

Céc budce thuc hién:

- Phan tach tdp dir liéu (ma trdn danh gia) thanh hai nhom: tap dir liéu huén luyén va tap dir li€u
kiém thu; sau d6 tiép tuc phan tach tép dir liéu kiém thir thanh: tap di liéu truy van va tap di liéu
dich.

- Xay dung md hinh hé tu van loc cdng tac dua trén nguoi st dung. Tap dir liéu huén luyén duoc st
dung dé hoc mo hinh h¢ tw vén. Cac phép do Cosine, Pearson, Jaccard va Cohesion dugc sir dung
dé tinh su tuong tu gitta nhiing nguoi dung. Sau do, voi mdi ngudi dung trong tap hudn luyén,
chon ra s6 lang gleng tuong ty nhét.

- Dbé xuat cac muc dir li€u cho ngudi su dung bang cach ding mé hinh tu van & budc 2 va tap dir lidu
truy van.

- Danh gia tinh chinh xac gitta tip cac dé xut & bude 3 voi tap dir liéu dich. Cu thé, tinh do bao phu,
d6 chinh xac, d6 nhay, va phén bu cua dd dac hi¢u gitra tap cac muc dir li¢u duoc dé xuét voi tap
dir li¢u dich; sau do v€ duong cong ROC.
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Bang 3. Vi du vé tap dit liéu truy van va tap dit liéu dich véi given=2

Tap dit li¢u truy vén

il i2 i3 i4 i5 i6 i7 i8

Tap di liéu kiém thir 2| 3 | NA|NA|NA|NA| 1 |[NA|NA
i1 | i2 | i3] i4 | i5 | i6 |i7 |8 | ud|[NA| 4 [NA[NA|NA|NA| 3 |NA

u2 3 |NA|[NA| 5 | NA| 1 | NA|NA | Tap ditli¢u dich
us NA| 4 | 3 [NA| 2 [NA| 3 [NA|u2 |[NA|NA|[NA| 5 [ NA|NA|NA|NA

ug | NA | NA 3 NA 2 NA | NA | NA

IV. THUC NGHIEM
A. Dir ligu va cong cu thuc nghiém

MSWeb [1] duoc sir dung lam tap dir liéu thuc nghiém. Dir liéu cia MSWeb duoc tao ra bang cach 1y mau va
xt 1y cac nhat ky (log) cia www.microsoft.com. Dir li¢u ghi lai viéc sit dung www.microsoft.com ctia 38000 nguoi
ding an danh dugc chon ngiu nhién. Vi mdi ngudi st dung, dir lidu liét ké tat ca cac khu vuc cia website (Vroots) ma
ngudi d6 truy cap trong khoang thoi gian mot tuan cia thang 2 nam 1998. Tap dir lieu MSWeb ding trong thuc nghiém
chtra 32710 dong (ngudi dung hop 1€), 285 cot (Vroot), 98653 6 chira gia tri TRUE/L (cac Vroot dugc truy cap boi
ngudi st dung), cac 6 con lai (6 thiéu) chira gia tri FALSE/O (cic Vroot khong dugc truy cap/khong duge biét boi
nguoi st dung).

Bang 4 hién thi sb luong ngudi truy cap theo sé Vroot. S6 luong ngudi truy cap tir 1 Vroot tré 1én (trong 285
Vroot) 1a 32710 nguoi, tir 2 Vroot tré 1én la 22716 (trong 32710 ngudi), tir 10 Vroot trd 1€n 1a 875, va tir 19 Vroot
tré 16n 1a 45. S6 nguoi chi truy cap 1 Vroot 1a gan 10000, chi truy cdp 2 Vroot 1a hon 8000. Vi vay, dé ting do tin
cdy cua cac d& xuét cia mé hinh hé tu van, tap dit liéu thyc nghiém phai dugce loc lai béng cach thiét lap ) lugng tdi
thiéu (mot ngudng) cac muc dir liéu dugc truy cap boi timg ngudi sir dung. Trong thuc nghiém nay ching toi sir
dung ngudng la 10.

Bang 4. S6 luong ngudi truy cép theo Vroot

Sé Vroot | >=1 >=2 >=3 >=4 | >=5 [>=6 |>=7 |>=8 |>=9 | >=10 | >=11 | >=12 | >=13 | >=16 | >=19

Sb nguoi

truy cip 32710 | 22716 | 14283 | 9544 | 6280 | 4151 | 2767 | 1871 | 1281 | 875 | 610 | 432 | 154 | 82 45

Tap dir lieu MSWeb sau khi dugc chon loc lai s& dugc phan tach dé xay dung va danh gia mo hinh tu van theo
phuong phép k-fold cross validation. Trong thuc nghiém nay, s6 k-fold dugc chon 1a 4. Nhu vay, tap dit liéu dugc tach
thanh 4 tdp con co kich thudc bang nhau, va mé hinh dugc danh gia 4 lan sau d6 ldy két qua trung binh. O mdi lan
danh gia, 3 tap con dugc su dung dé hoc mo hinh va 1 tap con con lai dugc st dung dé kiém tra.

Cong cuy thyc hién 1a cac ham do chung t6i cai dat két hop véi mot sd ham cua goi recommenderlab [15]. Goi
recommenderlab 1a mét framework cho phat trién va ki€ém thir cac giai thuat tu van. Cac giai thuat dugc trinh bay trong
Phan II, III dugc chiing toi cai dat bang ngdn ngit R.

B. Két qua thuc nghiém
1. Kich ban 1 — Danh gi4a mé hinh hé tr van loc cong tac dua trén nguoi sit dung dung phép do Cohesion va Cosine

Céc phép do dung dé danh gia hé tu vin dwoc luu trong Bang 5. Bang nay c6 dong 1 sb muc dir liéu dugc dé
xudt cho ngudi st dung; cot 1a cac do do. Cac cot duoc chia thanh 2 nhém 16n tuong tmg v6i s muc dit liéu biét trude
(given) 1a 3 va 7. Mdi nhom 1én dugc chia thanh 2 nhém con twong tng véi phép do Cohesion va Cosine dugc sir dung
trong h¢ tu van; mdi nhom con lai gf”)m 3 ¢Ot Iuu gia tri ciia d6 chinh xac, d6 bao phu (d0 nhay) va phﬁn bu cia do dac
hiéu. Nhin chung, két qua & Bang 5 cho thay do chinh xac va d6 bao phu cua phép do Cohesion cao hon cua phép do
Cosine. Tuy nhién, d6 chénh Iéch 1a rat thép.

Céc dudng cong ROC ciia md hinh hé tu van loc cong tic dya trén nguoi sir dung dung phép do Cohesion va
phép do Cosine tuong g véi sb muc biét trude 1a 3 va 7 duge thé hién trong Hinh 2 va 3 tuong ing. Két qua cho thay
dién tich dudi duong cong ROC ctia mé hinh hé tu van loc cong tac ding phép do gén két Cohesion 16n hon nhung su
chénh léch ciing 1a rét thép.
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Bang 5. Bang luu gi4 tri d6 chinh xéc, d6 bao phu (d6 nhay) va phan bu
cua d¢ dac hi¢u cia 2 phép do Cohesion va Cosine véi given=3 va 7

Given=3

Given=7

Sé muc
dé xuat

Cohesion

Cosine

Cohesion

Cosine

Precision

Recall
/TPR

FPR

Precision

Recall
/TPR

FPR

Precision

Recall
/TPR

FPR

Precision

Recall
/TPR

FPR

0.691176

0.077265

0.001131

0.690045

0.077193

0.001136

0.572398

0.120785

0.001565

0.562217

0.117966

0.001602

0.630090

0.210039

0.004066

0.631599

0.210976

0.004050

0.475867

0.292246

0.005757

0.472851

0.289564

0.005790

0.574208

0.317800

0.007801

0.571493

0.316625

0.007851

0.409050

0.411220

0.010820

0.406109

0.407469

0.010874

N[O W

0.525372

0.406232

0.012176

0.522140

0.403800

0.012259

0.350194

0.484532

0.016662

0.350194

0.483773

0.016661

0.451471

0.495714

0.020105

0.450226

0.494187

0.020151

0.285860

0.557203

0.026168

0.285068

0.555653

0.026197

12

0.406863

0.533379

0.026090

0.407523

0.533631

0.026060

0.253959

0.589483

0.032809

0.255279

0.591863

0.032751

TPR
03 0.4 04
1

0.2
|

01

oo

[,

—=— UBCF-Cohesion
—&— UBCF-Cosine
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T
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T
0.015

FPR

T
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T
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Hinh 2. Cac duong cong ROC cho loc cong tac
dua trén ngudi st dung dung phép do Cohesion va Cosine

v6i s6 muc biét trude 14 3
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Hinh 3. Cac duong cong ROC cho lgc cong tac
dua trén nguoi st dung dung phép do Cohesion va Cosine
vGi sO muc biét trude 1a 7

2. Kich ban 2 — Panh gia mé hinh hé tu vin loc cong tac dua trén ngudi st dung ding phép do Cohesion va Pearson

Céc phép do dung dé danh gia hé tu van duoc luu trong Bang 6. Bang nay c6 cu triic tuong tu nhu Bang 5.
Nhin chung, d6 chinh xac va d6 bao phu cua phép do Cohesion cao hon cua phép do Pearson. Tuy nhién, ciing giong
nhu Kich ban 1, sy chénh Iéch 1a rat thap.

Bang 6. Bang luu gia tri d§ chinh xac, d6 bao phu (d6 nhay), va phén bu

ctia d6 dac hiéu cta 2 phép do Cohesion va Pearson véi given=3 va 5

S6 muc
dé xuat

Given=3

Given=5

Cohesion

Pearson

Cohesion

Pearson

Precision

Recall
/TPR

FPR

Precision

Recall
/TPR

FPR

Precision

Recall
/TPR

FPR

Precision

Recall
/TPR

FPR

0.694805

0.069056

0.001123

0.698052

0.069307

0.001110

0.707792

0.087818

0.001073

0.712662

0.088249

0.001055

0.634199

0.187631

0.004035

0.625000

0.185270

0.004138

0.611472

0.227389

0.004285

0.600108

0.223417

0.004411

0.582468

0.286944

0.007679

0.581818

0.286763

0.007691

0.545455

0.336459

0.008357

0.540584

0.333871

0.008448

1
3
5
7

0.540816

0.372704

0.011826

0.541976

0.373680

0.011796

0.487245

0.417316

0.013200

0.489796

0.419539

0.013135

10

0.468994

0.458266

0.019537

0.468344

0.457584

0.019561

0.420942

0.512364

0.021301

0.420455

0.511613

0.021320

12

0.428707

0.501477

0.025227

0.429654

0.502161

0.025184

0.378111

0.550778

0.027457

0.377976

0.550585

0.027464

Céc duong cong ROC ciia m6 hinh hé tu van loc cdng tac dua trén ngudi st dung dung phép do Cohesion va
phép do Cosine twong tmg vai sé muc biét trude 1a 3 va 5 duge thé hién trong Hinh 4 va 5 twrong timg. Két qua cho thiy
dién tich dudi duong cong ROC cua md hinh hé tu van loc cong tac ding phép do gan két Cohesion 16n hon nhung su
chénh léch ciing 1a rét thép.



758 TU VAN LOC CONG TAC DUA TREN NGUOI SU DUNG DUNG PHEP DO GAN KET HAM Y THONG KE

0.4
|
4

[

0.4
|
0.4
|
b‘d\

o =
E £
= o o a2
(=}
=] 1 - 1
& [}
—— UBCF-Cohesion —=— UBCF-Cohesion
2 —&— UBCF-Pearson 2 - —&— UBCF-Pearson
T T T T T T T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.000 0.005 0.010 0.015 0.020 0.025
FPR FPR
Hinh 4. Cac duong cong ROC cho loc cong tac Hinh 5. Cac duong cong ROC cho loc cong tac
dya trén ngudi st dung dung phép do Cohesion va dwa trén nguoi st dung dung phép do Cohesion va Pearson
Pearson v&i s6 muyc biét trude 13 3 v6i s6 muc biét trudce 1a 5

3. Kich ban 3 — Panh gia mé hinh hé tu vin loc cong tac dya trén ngudi st dung ding phép do Cohesion va Jaccard

Tuong tu nhu hai kich ban trude, cac phép do va duong cong ROC ding dé danh gia hé tu vén loc cong tac dua
trén nguoi st dung dung phép do Cohesion va Jaccard dugc luu trong Bang 7 va cac Hinh 6, 7 twong ing.

Bing 7. Bang luu gié tri do chinh x4c, d6 bao phi (d6 nhay), va phan bu
cua d¢ dac hiéu cia 2 phép do Cohesion va Jaccard voi given=5 va 9

Given=5 Given=9

) muc Cohesion Jaccard Cohesion Jaccard

d& xuét
. Recall . Recall - Recall - Recall
Precision TPR FPR Precision TPR FPR Precision TPR FPR Precision TPR FPR

0.644796 | 0.093813 | 0.001301 | 0.644796 | 0.094062 | 0.001301 | 0.446833 | 0.168027 | 0.002023 | 0.429864 | 0.159841 | 0.002086
0.567119 | 0.245593 | 0.004757 | 0.567873 | 0.246112 | 0.004749 | 0.329563 | 0.339529 | 0.007361 | 0.327677 | 0.329218 | 0.007381
0.503620 | 0.359253 | 0.009091 | 0.500000 | 0.356187 | 0.009158 | 0.264932 | 0.438207 | 0.013457 | 0.265385 | 0.438198 | 0.013448
0.448933 | 0.444474 | 0.014132 | 0.445055 | 0.440562 | 0.014231 | 0.227214 | 0.518517 | 0.019812 | 0.226729 | 0.513673 | 0.019824
10 0.372964 | 0.520996 | 0.022976 | 0.370814 | 0.518873 | 0.023057 | 0.184163 | 0.586594 | 0.029890 | 0.183258 | 0.582452 | 0.029923
12 0.335784 | 0.561837 | 0.029212 | 0.336538 | 0.563204 | 0.029179 | 0.163650 | 0.618518 | 0.036778 | 0.162990 | 0.614595 | 0.036806

N[O W

Két qua trong cc bang va hinh cho thay d¢ chinh xac va d bao phu cua phép do Cohesion cao hon cua phép do
Jaccard; dién tich du6i duong cong ROC ctiia m6 hinh hé tu van loc cong tac dung phép do gin két Cohesion 16n hon
dién tich dudi duong cong ROC ciia m6 hinh hé tu van loc cong tic dung phép do gan két Jaccard. Tuy nhién, cling
glong nhu két qua & hai kich ban trudc, sy chénh 1éch gitra tinh chinh xac cua hai moé hinh la rat thap.

4. banh gia chung

Trong hé tu vén loc cong tac dua trén nguoi st dung, cac phép do Cosine va Pearson la hai phép do phé bién dé
tinh sy twong ty gitra nguoi stir dung. Neu tép dir liéu ¢ dang 0 — 1 thi phép do Jaccard cing thuong duoc st dung dé
tinh sy twong dong. Tuy nhién, ba phép do nay déu ¢ dang doi xung.

~ Véi phép do gin két ham ¥ thdng ké Cohesion — mot phép do khong dbi ximg, két qua danh gia md hinh h¢ tu
van loc cong tic dua trén nguoi st dung dung phép do nay cho thay né cé do chinh xac cao hon so v6i cac m6 hinh
dung phép do Cosine, Pearson va Jaccard. Tuy nhién, sy chénh 1éch 1a khong nhiéu.

Mic di mé hinh hé tu van dung phép do Cohesion ¢6 do chinh xac cao hon nhung viéc tinh gid tri twong tu giira
m nguoi sir dung theo phép do Cohesion Ia 1au hon so v6i 3 phép do con lai. Nguyén nhén 1a phép do Cohesion phai
tinh gia tri gan két (u,, up) va gia tri gin két (up, uy) trong khi phép do Cosine, Peason va Jaccard chi can tinh mot 1an
do dic diém dbi xtng. Vi vay, tiy vao bai toan thuc té, néu can phan biét chibu tac dong gilra hai nguoi st dung, phép
do Cohesion nén dugc str dung; nguoc lai ta cé thé st dung mot trong 3 phép do kia dé rut ngan thoi gian thyc thi.
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V. KET LUAN

Bai bao d& xuit mot cach tiép can moi trong tu van loc cong tac dya trén ngudi sir dung qua viée dung phép
do gin két ham y théng ké Cohesion dé tinh sy twong tu gitta hai ngudi st dung. Phép do Cohesion 1a khong dbi
xtng nén phit hgp vai thyc té vi sy anh hudng qua lai gitra hai ngudi st dung 1a khong déi xtimg. M6 hinh tu van loc
cong tac theo dé xuit di dwoc danh gia va so sanh véi mo hinh tu van loc cong tac theo 3 phép do twong tu phd bién
nhét Cosine, Pearson va Jaccard. Trén tap dir liéu thyc nghiém MSWeb, Kkét qua thyc nghiém cho théy mo hinh tu
van sir dung phép do Cohesion nhin chung cé uu thé hon so v6i cac mé hinh tu van con lai nhung su chénh 1éch la
khong nhiéu.

VL. LOI CAM ON

_ Nghién ctru nay do Dy 4n UK — ASEAN Research Hub, Vién Nghién ciru va Pao tao Viét - Anh, Pai hoc Da
Nang tai tro (07/HD-UARH).
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USER-BASED COLLABORATIVE FILTERING RECOMMENDATION
USING THE STATISTICAL IMPLICATIVE COHESION MEASURE

Lan Phuong Phan, Trang Uyen Tran, Hung Huu Huynh, Hiep Xuan Huynh

ABSTRACT—Similarity measures play an important role in collaborative filtering recommender systems. Pearson correlation
coefficient, Cosine similarity, and Jaccard coefficient are the most common similarity measures used for calculating the similarity
between users (or items). These measures are the symmetric while in fact, the interaction between users is often asymmetric. This
paper proposes a new approach in collaborative filtering method to calculate the similarity of each pair of users by using the
statistical implicative cohesion measure Cohesion, as well as focuses on evaluating recommender systems that use different
similarity measures. The k-fold cross validation method and the MSWeb dataset are used for the experiment. The result shows that
collaborative filtering recommender system using Cohesion is better than collaborative filtering recommender systems using
Cosine, Pearson, and Jaccard.

Keywords— User-based collaborative filtering, statistical implicative cohesion measure, recommender system.
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